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Exposure Assessment with 
Hemoglobin Adducts 

Long-term (0—4 months) integral dosimetry 
Adduct levels reflect bioavaiiable dose 
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Quantitative Analysis of Aromatic Amine- 
Hemoglobin Adducts 


Preparation of hemoglobin solution 
Hydrolytic cleavage of adduct bond to protein 
Solvent extraction 
GC-MS analysis 

- Denvatization 

- Negative ion chemical ion cation 

- Quantitation by isotope diution mass spectrometry 


Aromatic Amines, Smoking and Bladder Cancer 

■ 1895: First clinical report of bladder cancer-aromatic amre 
exposure association 

■ 1938: Demonstration of 2-naphlhylamine carcinogenicity in dogs 

• 1953: Epidemic log icat evidence for human bladder 

carcinogenicity of 4-ami nobiphenyl 

• 1967: Detection of aromatic amines in cigarette smoke 

■ 1971: Aromatic amines hypothesized to be etiological agents for 
tobacaM-eteted bladder cancer 

■ 1979: jV-Acetyltransferase phenotype shown to influence bladder 
cancer risk associated with smoking 


Aromatic Amines Present in Tobacco Smoke 


Structure 


Abundance (ng/cig) 


Aniline 100-1,000 

2-, 3-, 4-Methylaniines 50-300 

2-3-,4-EttiylanBirvis 10-50 

2.3- 2.4-. 2,5-, 2.6-Dimethyl ani ir»3 25-150 

1- , 2-NaphlhylOTiines 1-10 

2- , 3-, 4-Am r obi phenyls 1-10 
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Molecular Epidemiology Studies of 
Aromatic Amine-Hemoglobin Adducts 

Role of smoking in exposure 

- Comp an son of smofcera with n on smokers 

- Effect of smoking with draw at 

- Environmental tobacco smoke 
Effect of genetic pofymo/phisms 

- NATl, NAT2 phenotypes 

- GST genotypes 

Association with risk of bladder cancer 

- Cross-sectional studies 

- Case-control studies 



With in-Person Variability of 1 

4-Afrtinobiphenyf Hemoglobin Adducts 
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DECREASE IN 4-AM(NOfllPRENYL -Ub ADDUCT LEVELS 

OVER TIME IN QUITTING SMOKERS 



1992-1999 Case-Control Study of 
Bladder Cancer in Los Angeles County 


Multiple aims-Smoking. Metabolic genotypes and phenotypes. 
Nutrition. Medi cines. Hair dye 

■ 3 sure assessment by hemoglobin adduct determination 


“Ti^efsorTiiTtemows -Smoking7(lTeti’anal-gesiCTjSB7-Uoo<*-€olt«cttOn v 

ovetnsg ht urine attar caffei ne dosing _3 

—4044‘Cases'■*- 79 %’aJsI e7T88% rton-Hispante whites; mean age 56 yrs. 
Blood'urine from 73% of cases 


079 Controls -Intividualy matched to cases by age (±5 yrs), sex, race, 
and neighborhood or residence at cancer diagnosis. Blood/urine from 
79% of con trots 
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t 

Geometric mean levels of 4-ABP-hemoglobin adducts <pg/g Hb) 
among bladder cancer patients and control subjects. 8 ' 



CB3B3 

Controls 

2^wded P 
(case-control diff.) 

Total subjects h> 

38. a 

2B.7 

<0.0001 

N(Wf smokers 

28.8 

22.1 

<0.0001 

Smokers'* 

94.1 

67.3 

<0.0001 

Further adjusted for 

other risk factors'* 



/ 

Total subjects 

38.2 

29.2 

<0.0001 


■’Aqc and se» were adjusted for in ail nr* 

“'Furtter adjusted for average number of ©earedes/day v^tnin 60 days of Wood draw 

“*The other risk factors w«e lifeline smoking history, NAT2 phenotype, GSTWt genotype, use of 

non-rieroidal ant-inflammatory drugs, and diebiy carotenoid intake 
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Notes: 
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Carcinogens III: Genetic Polymorphisms 
Relationship to Carcinogenesis 

Peter Shields, MD fyjUkwa- * 
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